Several species of shark caught around Kochi prefecture are not used effectively, which prompted us to investigate the ACE inhibitory activity of peptides derived from shark muscle and viscera for the purpose of using various sharks as a natural resource.
In the present paper, the isolation of ACE inhibitors from the thermolysin hydrolysate of pelagic thresher (Alopias pelagicus) muscle and extracts of viscera are described.
Angiotensin I-converting enzyme from rabbit lungs, ACE substrate (hippurylhistidylleucine, Hip-His-Leu), thermolysin from Bacillus thermoproteolyticus, Val-Trp and Met-Trp were purchased from Sigma Chemical (St Louis, MO, USA). LeuTrp-Ala, Val-Ser-Trp, Val-Thr-Arg, Ile-Lys-Trp, and Phe-Arg-Val-Pro-Thr-Pro-Gln were chemically customized by Takara Shuzo (Shiga, Japan).
Pelagic thresher A. pelagicus was caught near Cape Muroto, Kochi prefecture. Minced muscle (35 g) was heated in 35 mL distilled water for 10 min at 100°C and the mixture was cooled to room temperature and homogenized. To the homogenate was added 50 mL Tris-HCl buffer (100 mM, pH 8.2 containing 10 mM CaCl 2 ) with 35 mg thermolysin, and the mixture was incubated at 37°C for 4.5 h. Hydrolysis was discontinued by boiling for 10 min at 100°C, and the hydrolysate was cooled to 4°C and centrifuged at 25 000 ¥g for 20 min. The supernatant was ultrafiltered using YM-10 membrane (Millipore, Bedford, MA, USA), and the filtrate was concentrated to half volume using a centrifugal evaporator (Tomy, Tokyo, Japan). The gill, kidney, pancreas and heart (20 g each) were separately minced and heated with an equal volume of distilled water for 15 min at 100°C and homogenized. The supernatants obtained by centrifugation at 25 000 ¥g for 15 min were used for purification.
Muscle hydrolysate and viscera extracts were separately gel filtered on a Sephadex LH-20 column (f26 ¥ 900 mm; Amersham Pharmacia Biotech, Tokyo, Japan) with 30% methanol, and the active fractions were separated on a diethylaminoethyl (DEAE)-Toyopearl 650M column (f16 ¥ 650 mm; Tosoh, Tokyo Japan) or SP-Toyopearl-650S column equilibrated with distilled water using a linear gradient from 0 to 1 M NaCl at a flow rate of 0.7 mL/min. Each chromatographic procedure was performed at room temperature and eluents were monitored by measuring the absorbance at 280 nm. A mBondapak C 18 column (3.9 ¥ 300 mm; Waters, Milford, MA, USA) or a mBondasphere C 18 column (3.9 ¥ 150 mm) for reverse-phase high-performance liquid chromatography (HPLC) was used for the final purification. These columns were equilibrated with 0.1% trifluoroacetic acid (TFA) and the sample was eluted by a linear gradient of acetonitrile (0-63%) in 0.1% TFA at a flow rate of 0.8 mL/min, while monitoring the absorbance at 210 nm. The amino acid sequence of purified components was analyzed with a protein sequencer (491 type; Applied Biosystems, Foster City, CA, USA).
Angiotensin I-converting enzyme inhibitory activity of each sample was assayed by a modified Short Paper Table 2 . IleLys-Trp showed the highest inhibitory activity among the peptides (IC 50 0.54 mM). This tripeptide was classified as a highly active inhibitor group among peptides derived from fish. 3 Most peptides derived from pelagic thresher characteristically contained tryptophan at the C-terminal amino acid residue such as Val-Trp, Met-Trp, Val-Ser-Trp and Ile-Lys-Trp. These data were consistent with the results previously obtained by Cheung et al. 8 who reported that peptides containing valine, isoleucine or arginine as the N-terminal amino acid residue, and tryptophan, tyrosine or proline as the C-terminal amino acid residue, showed strong ACE inhibitory activity. method of Cheung et al. 8 Test solutions (15 mL) and 50 mL ACE (66 mU/mL in 50 mM pyroboric acid, pH 8.3) were mixed and then pre-incubated for 5 min at 37°C. To the mixture was added 125 mL substrate solution (7.6 mM Hip-His-Leu in 608 mM NaCl, 50 mM pyroboric acid, pH 8.3), and the mixture was incubated for 30 min at 37°C. The reaction was stopped by adding 20 mL of 10% TFA. A 20 mL aliquot of the reaction mixture was analyzed by HPLC on a mBondasphere C 8 (3.9 ¥ 150 mm; Waters) using a linear gradient of acetonitrile (0-63%) in 0.1% TFA at a flow rate of 1.0 mL/min. The hippuric acid released was measured by monitoring the absorbance at 228 nm. The control was defined when distilled water was used in place of the sample. Inhibitory activity (%) was obtained by the equation: {area of hippuric acid (control) -area of hippuric acid (sample)}/area of hippuric acid (control) ¥ 100.
Purification of angiotensin I-converting enzyme inhibitors in pelagic thresher
Two active fractions, G-1 and G-2 obtained by Sephadex LH-20 gel filtration of the muscle hydrolysate were fractionated on DEAE-Toyopearl 650M and SP-Toyopearl 650S columns, respectively. Three active fractions, D-1, D-2 and D-3, which inhibited 68, 75 and 56% of ACE activity, respectively, were obtained from G-1, while S, which showed 58% inhibition of the enzyme, was obtained from G-2. These fractions were then purified on a mBondapak C 18 column (3.9 ¥ 300 mm). The peak eluted at the concentration of 37% acetonitrile from D-1 was identified as Val-Ser-Trp. The fractions that were eluted at the concentrations of 36% and 38% from D-2 were identified as Val-Trp and Leu-Trp-Ala, respectively. The fraction that was eluted at the concentration of 38% from D-3 was identified as Met-Trp. The fractions that were eluted at the concentration of 17% and 36% from S were identified as Val-Thr-Arg and Phe-Arg-Val-Pro-Thr-Pro-Asn, respectively. Val-Trp was reported to be the most potent peptide among 51 series of synthetic dipeptides by Cheung et al. 8 Angiotensin I-converting enzyme inhibitory activity of the extracts prepared from the gill, kidney, pancreas and heart are shown in Table 1 . Inhibitory activities of the kidney and pancreas were 46% and 55%, respectively. But other tissues did not inhibit ACE. The extracts from the kidney and pancreas were fractionated on Sephadex LH-20. The very weak potency of the pancreatic extract hampered further separation. The active fraction (45% inhibition) obtained from Sephadex LH-20 gel filtration of the kidney extract was purified by HPLC on a mBondasphere C 18 column (3.9 ¥ 150 cm). The fraction eluted at a concentration of 38% acetonitrile was active and peptide obtained from the fraction was identified as Ile-Lys-Trp. Inhibitory activity was expressed as inhibition rate (%). 
